Objective: To identify the best anthropometric index that predicts cardiometabolic risk factors. Design and setting: Cross-sectional study in Turkey, in 2003. Subjects: Turkish men and women aged 18 years and over (n 1692) were examined. Body weight, height, waist and hip circumferences, blood pressure, total cholesterol, HDL cholesterol, TAG, glucose and insulin were measured. Metabolic syndrome score was calculated as the sum of modified National Cholesterol Education Program Adult Treatment Panel III criteria, excluding waist circumference. Insulin resistance was estimated by homeostasis model assessment (HOMA-IR). Results: BMI, waist:hip ratio (WHpR), waist:height ratio (WHtR), waist circumference (WC) and hip circumference (HC) were significantly correlated with each other. Partial correlation coefficients between systolic blood pressure, HDL cholesterol, TAG levels or HOMA-IR and BMI, WC or WHtR were similar and higher than correlation coefficients of WHpR and HC. The association of anthropometric indices with metabolic syndrome score and Framingham risk score was highest for WHtR. Areas under the receiver-operating characteristic curves showed that WHtR was the best anthropometric index that discriminated between the presence and absence of hypertension, diabetes and metabolic syndrome, whereas WHpR was better for dyslipidaemia. Conclusions: WHtR was the best anthropometric index for predicting most cardiometabolic risk factors. WC and BMI ranked second for their predictive capability of cardiometabolic risk, followed by WHpR and HC.
Anthropometric indices (anthropometrics) are a simple, safe and cost-free way to quantify the degree of obesity. Because of the lack of cheap and accurate methods for assessing body composition directly, anthropometrics are often used as surrogates for assessing obesity and body fat distribution. BMI is the most widely used anthropometric index and gives information on fat mass and lean mass (1) . Measurement of waist circumference (WC) is recommended by the US National Cholesterol Education Program (NCEP) for the assessment of central obesity (2) , whereas the WHO recommends waist:hip ratio (WHpR) for the same purpose (1) . All of the mentioned anthropometric indices have been found to be associated with all-cause mortality, diabetes mellitus, cardiovascular morbidity and mortality in prospective studies (3) (4) (5) (6) (7) (8) (9) (10) . Some authors have proposed waist:height ratio (WHtR) as the best anthropometric index to predict CVD risk and metabolic syndrome (11) (12) (13) (14) . Hip circumference (HC) has been found to be inversely associated with diabetes, CVD morbidity and mortality in a prospective study (15) . The results of prospective and cross-sectional studies that have attempted to find the best anthropometric index are not uniform (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . Studies from the Eastern Mediterranean area also do not agree on the best anthropometric index to predict cardiometabolic risk (23) (24) (25) (26) (27) (28) (29) . Work in Turkey has suggested that WHpR might better indicate CVD risk than BMI and WC (28, 29) . Onat et al. (29) showed that both WC and WHpR were strongly associated with BMI, age, diastolic blood pressure and plasma TAG, and WHpR was significantly associated with prevalent CHD only in Turkish women. Fasting glucose, insulin, HDL cholesterol (HDL-C) and LDL cholesterol (LDL-C) levels were not ascertained and the association of anthropometric indices with metabolic syndrome was not reported in that study (29) , probably because the NCEP definition of metabolic syndrome was not available at that time. We believe that the relationship between all anthropometric indices and cardiometabolic risk factors must be analysed in further detail in Turkish adults. Compared with North American or European populations, Turks have low levels of total cholesterol (TC) and HDL-C and the relative role of metabolic syndrome and atherogenic dyslipidaemia is more pronounced (30, 31) . The leading independent predictors of CVD morbidity and mortality are related to the metabolic syndrome, which is responsible for approximately half of the cases of CHD in Turks, making them an ideal population in which to study cardiometabolic risk (30) . Therefore, we aimed to investigate whether BMI, WC, WHpR, WHtR or HC is the best anthropometric index to predict cardiometabolic risk factors in Turkish adults.
Methods

Study population
The present study is based on the year 2003 follow-up of the Turkish Heart Study, a cross-sectional epidemiological survey of CVD risk factors in Turkish adults performed periodically since 1995 (31) (32) (33) . One thousand seven hundred subjects aged 18 years and over were recruited from neighbourhood groups and with local advertisements. The survey was not nationally representative. Four subjects with missing anthropometric measurements, two below 18 years of age and two pregnant women were excluded from the study, leaving 1692 participants for data analysis. The study procedures were approved by the Institutional Review Board and permission to conduct the study was granted by the Ministry of Health, Republic of Turkey. All subjects signed written informed consent. The study was conducted in accordance with the Helsinki Declaration (34) .
Data collection
Information about lifestyle habits, education, physical activity, monthly family income and past medical history was obtained through face-to-face physician interview. BMI was calculated as weight in kilograms divided by the square of height in metres. Height was measured to within 0?5 cm with a measuring stick, weight to within 0?1 kg with a digital scale, waist and hip circumferences to the nearest 0?5 cm with a non-elastic measuring tape. WC was measured at the midpoint between the last rib and the superior iliac crest during mild expiration. HC was measured at the level of the greater trochanter. All measurements were taken with shoes removed and with participants wearing light clothing. Blood pressure was measured on the right arm with an automated sphygmomanometer (automatic blood pressure monitor with IntelliSense R ; Omron, Bannockburn, IL, USA) after the subject had rested for 15 min in the sitting position. The mean of two recordings, 5 min apart, was used.
Laboratory methods
A blood sample was obtained after a 10 h fast. Plasma glucose was measured with the glucose oxidase method.
A multichannel analyser (Hitachi, Tokyo, Japan) was used for colorimetric enzymatic determinations of cholesterol (CHOD-PAP), TAG (GPO-PAP) and glucose. For participants with TAG levels ,500 mg/dl, LDL-C was calculated by the Friedewald formula (35) . A homogeneous assay for measuring HDL-C levels was used. Kits from BoehringerMannheim (Mannheim, Germany) were used for lipid and glucose analyses. Fasting insulin levels were measured with electrochemiluminescence immunoassay (Roche Elecsys 2010; Roche Diagnostics, Indianapolis, IN, USA). Insulin resistance was estimated with the homeostasis model assessment insulin resistance index (HOMA-IR), calculated from the equation (36) : HOMA-IR ¼ ½fasting serum insulin ðmU=mlÞ Â fasting plasma glucose ðmmol=lÞ=22 . 5:
Biochemical analyses were performed at the American Hospital Clinical Laboratory in Istanbul, a reference laboratory certified by the Centers for Disease Control and Prevention (Atlanta, GA, USA) (31, 32) .
Definitions of cardiovascular risk factors
Components of the metabolic syndrome were defined according to the modified NCEP Adult Treatment Panel III criteria (2, 37) . The metabolic syndrome score (MSS) was calculated as the sum of the following positive components, excluding WC: (i) systolic blood pressure (SBP) $130 mmHg or diastolic blood pressure (DBP) $85 mmHg; (ii) serum TAG $ 150 mg/dl (1.7 mmol/l); (iii) HDL-C ,50 mg/dl (1.29 mmol/l) for women and ,40 mg/dl (1.0 mmol/l) for men; and (iv) fasting plasma glucose $100 mg/dl (5.6 mmol/l). Subjects on drug therapy for hypertension, hyperglycaemia or hypertriacylglycerolaemia and low HDL-C levels were also assigned to positive components (37) . As WC is one of the independent variables in correlation analyses, its exclusion was considered appropriate in calculating the MSS. Subjects could have MSS ranging from 0 to 4. MSS was an ordinal variable. Absolute 10-year risk of CHD was calculated from Framingham risk tables (2) . The association of each anthropometric index with Framingham risk score was calculated after excluding subjects with a history of CHD (n 111) and diabetes (n 103), subjects on lipid-lowering medications (n 40) and subjects younger than 30 years (n 190) and older than 74 years (n 20), leaving 1228 subjects for this particular correlation analysis. The Framingham risk score has been shown to be inaccurate in the afore-mentioned conditions (38, 39) . Subjects could have a Framingham risk score from 1 to 30. Framingham risk score was an ordinal variable (2) . Hypertension was defined as concurrent use of antihypertensive agents or SBP $140 mmHg or DBP $90 mmHg (40) . Hypercholesterolaemia was defined as serum TC $240 mg/dl, low HDL-C as ,40 mg/dl, high LDL-C as $160 mg/dl and hypertriacylglycerolaemia as serum TAG $ 200 mg/dl. The presence of any of the above lipid abnormalities defined dyslipidaemia, consistent with the NCEP Adult Treatment Panel III guidelines (2) . Diabetes mellitus was diagnosed either from concurrent use of antidiabetic medications or if fasting plasma glucose was $126 mg/dl (41) . Subjects who had two or more metabolic syndrome components, excluding WC, were classified as 'MSS $ 2', a categorical variable that was evaluated as an outcome. A prospective study revealed that persons meeting any two criteria were significantly at higher risk than were those meeting no criteria (42) .
Statistical analyses
Data are summarized by means and standard deviations for normally distributed continuous variables. Continuous variables with positively skewed distributions are presented as geometric means and 95 % confidence intervals, and their logarithmic transformations were employed in correlation analyses. Categorical variables are presented as percentages and 95 % confidence limits and compared with a x 2 test. All statistical analyses were performed for both men and women combined, and separately. Age and sex control were employed when performing correlation analyses for the whole sample (43) . Only age control was employed when calculating correlation coefficients for men or women. All anthropometric measurements were continuous variables. Partial correlation coefficients were estimated among BMI, WC, WHpR, WHtR and HC, after controlling for age and sex for the whole sample and age only for each gender. Spearman's rank correlation coefficient was used in correlation analyses between continuous and ordinal variables. Spearman's rank correlation coefficient was calculated between each anthropometric index (continuous variables) and the two composite cardiometabolic risk indicators, MSS and Framingham risk score (ordinal variables). Partial correlation coefficients were calculated between each anthropometric index and SBP, TC, HDL-C, LDL-C, log TAG, glucose and log HOMA-IR, after controlling for age and sex for the whole sample and age only for each gender. (44) . Statistical significance was accepted if P , 0?01 for correlation analyses and if P , 0?05 for other analyses.
The receiver-operating characteristic (ROC) calculates the ability of a continuous variable (i.e. WC) to discriminate between the presence and absence of a categorical variable (i.e. metabolic syndrome). As the NCEP definition of the metabolic syndrome already includes elevated WC as a component, we thought it appropriate to exclude WC and derive a new variable called 'metabolic syndrome score' (MSS) by summing other components. MSS (an ordinal variable) was converted to a categorical variable in ROC analysis. If MSS was $2, the state variable was positive; if MSS was ,2, the state variable was negative. The reader should pay attention to this particular aspect: MSS was an ordinal variable in correlation analyses but MSS $ 2 was a categorical variable in ROC analyses. ROC curves were constructed to measure the degree of discrimination of the anthropometric indices for hypertension, dyslipidaemia, diabetes and MSS $ 2, using non-parametric methods. The areas under the ROC curves (AUC) were calculated for each anthropometric index. An AUC of 1?0 indicates perfect discrimination between the absence and presence of the condition tested, whereas an AUC of 0?5 indicates no discriminative capability. First, the AUC of each anthropometric index was compared with an AUC value of 0?5, the area under the line of no discrimination. Then differences between the AUC of each anthropometric index for each cardiovascular risk factor were compared using the method of DeLong et al. (45) . Computations were done using the Statistical Package for the Social Sciences statistical software program version 15.0 (SPSS Inc., Chicago, IL, USA) for correlation analyses and the Statistical Analysis Systems statistical software package version 9.1 (SAS Institute Inc., Cary, NC, USA) for ROC analyses.
Results
There were 1692 participants, 571 men (34 %) and 1121 women (66 %), in the present study; their general characteristics are given in Table 1 . Approximately two-thirds of the subjects (n 1104, 65 %) were from Istanbul, an urban area, and the remainder (n 588, 35 %) were from rural areas of Kayseri. Seven per cent (n 111) of the subjects had a history of self-reported CVD. Sixtythree subjects (4 %) were taking lipid-lowering medications, 271 (16 %) were taking antihypertensive agents and 64 (4 %) were taking oral antidiabetics. The frequency of CVD risk factors is presented in Table 1 . The distribution of lipid abnormalities was as follows: 8 % (n 137) had hypercholesterolaemia, 40 % (n 672) low HDL-C, 9 % (n 144) high LDL-C and 16 % (n 262) elevated TAG. As a subject could have more than one lipid abnormality, the sum of lipid abnormalities exceeded the number of subjects with dyslipidaemia. Seven per cent (n 75) of women reported participation in physical exercise for .4 h/week, 10 % (n 114) reported 1-4 h/week, 6 % (n 71) reported ,1 h/week and 77 % (n 861) reported no exercise. Among men, 11 % (n 61) reported physical exercise for .4 h/week, 15 % (n 87) reported 1-4 h/week, 10 % (n 57) ,1 h/week and 64 % (n 366) reported no exercise. The physical activity level of men was significantly greater than that of women (x 2 5 30?76, dof 5 3, P , 0?01). Age-and sex-controlled correlations among BMI, WC, WHpR, WHtR and HC are shown in Table 2 Partial correlation coefficients between each anthropometric index and major CVD risk factors or HOMA-IR were assessed after controlling for age and sex (Table 3) . In the whole sample, the correlation between HC and TC or LDL-C was statistically significant but represented little or no relationship in magnitude. The correlation coefficients with other anthropometric measurements were not statistically significant for TC and LDL-C. The correlation coefficient between HC and glucose was also not significant. All other correlations were statistically significant, but the relationships were fair or lower. For the whole sample, the correlation coefficients of BMI, WC and WHtR were higher than the correlation coefficients of WHpR and HC for most of the CVD risk factors. In men, no anthropometric index was clearly superior. In women, both WC and WHtR had the highest correlations for the studied cardiometabolic risk factors. As correlation analyses did not provide a clear answer to the question of 'the best anthropometric index for cardiometabolic risk', we analysed the data with ROC curves. Analysis of ROC curves showed that WHtR was the best anthropometric index for discrimination of hypertension, diabetes and metabolic syndrome. For discrimination of dyslipidaemia, WHpR seemed better for the whole sample (Table 4) . It should be noted that the area under a ROC curve is a measure of the anthropometric index's ability to discriminate between the presence and absence of the condition tested. BMI, WC, WHpR, WHtR and HC were all significant discriminators of cardiometabolic risk factors, as their AUC values were significantly greater than 0?5 (P , 0?01 for all indices, except some AUC for diabetes and dyslipidaemia in men). The AUC of HC was inferior to others in discriminating the presence or absence of hypertension, diabetes and metabolic syndrome. There were no differences in AUC of BMI and WC for hypertension, diabetes and metabolic syndrome. In men, AUC of WHtR was the largest for hypertension and MSS $ 2 and AUC of WHpR was the largest for diabetes (Table 4 ). In women, AUC of WHtR was the largest for hypertension and MSS $ 2 (P , 0?05) and AUC of WHtR, WHpR and WC were larger than others for dyslipidemia and diabetes (P , 0?05), as seen in Table 4 .
Discussion
WHtR seemed a better anthropometric index that could predict most cardiometabolic risk factors in the present study. Although there was little difference among BMI, WC and WHtR in relation to CVD risk factors in correlation analyses, evaluation of AUC in ROC curve analyses indicated WHtR as a better predictor of hypertension, diabetes and metabolic syndrome. The differences among anthropometric indices were small and, in most instances, the confidence interval of one index substantially crossed the confidence interval of the other indices. Studies using computed tomography and MRI have revealed that central obesity indicators, especially visceral abdominal adipose tissue mass, are major contributors to cardiometabolic risk (46) (47) (48) . Although studies that relate anthropometric indices with body composition and fat distribution reveal consistent results, the same is not true for comparative studies relating anthropometrics with cardiometabolic risk factors. Comparative prospective studies vary in their conclusions as to whether BMI, WC or WHpR is superior in predicting all-cause mortality, CVD mortality and morbidity (3) (4) (5) (6) (7) (8) (9) (10) . Prospective studies with WHtR and HC are scarce (15, 49) . Our results show that the effort to pinpoint to the best anthropometric index is hampered by the definition of the outcome. We found that the best anthropometric index varies whether one tries to predict hypertension, dyslipidaemia, diabetes or metabolic syndrome. The best anthropometric measure also varies according to race, ethnicity, gender and age group (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . For example, in the Tehran Glucose and Lipid Study, analysis of crosssectional data showed that WHpR was the best screening measure for CVD risk factors in men, whereas WC was the best in women (23, 24) . In the prospective phase of the Tehran Glucose and Lipid Study, both BMI and WHpR were better predictors of incident diabetes in subjects younger than 60 years of age, whereas WC was better in subjects older than 60 years (26) . As overweight and obese patients with established CHD have lower risk of overall mortality and CVD mortality than normal-weight patients (50, 51) , it has been suggested that BMI can be left aside as a clinical and epidemiological measure of CVD risk for both primary and secondary prevention (52) . The present study shows no difference in BMI, a surrogate measure of general obesity, and WC, a surrogate of central obesity, in relation to cardiovascular risk factors. The correlations between MSS or Framingham risk score and anthropometrics were fair for all indices and were similar in degree for BMI, WC and WHtR in our study. WHpR seemed a better index for discrimination of dyslipidaemia for the whole sample. The subjects with dyslipidaemia in the present study were different from other populations, as the proportion of subjects with low HDL-C without elevated TAG was high. Low HDL-C is thought to have a genetic basis in the Turkish population and studies are underway to attempt to resolve the issue (53) . Incorporating either HC or height into WC may provide more information on cardiometabolic risk than WC alone.
Studies from Europe and North America have shown that HC is inversely associated with diabetes and dyslipidaemia (49, 54) . HC has been shown to be positively associated with lower body fat and gluteal muscle mass and negatively associated with visceral abdominal adipose tissue, after controlling for age and WC (55) , and is proposed as a screening measure that confers protection from CVD (15) . WC and HC may give information on both intra-abdominal and peripheral fat mass, factors that have opposite effects on cardiometabolic risk. In our sample of Turkish adults who had a high frequency of metabolic syndrome, both HC and WHpR were significantly correlated with various cardiometabolic risk factors, but in a smaller degree than other anthropometric indices. Our study shows that the use of height rather than hip adjustment for WC better indicates the clustering of cardiometabolic risk factors. The universal use of WC may cause overestimation of cardiometabolic risk in tall persons and underestimation of risk in short persons (14) . It has been shown that height has an inverse association with CVD (56, 57) . As seen in Table 1 , Turkish men and women are shorter than their counterparts elsewhere in Europe. In contrast to other studies from Turkey (28, 29) , we believe it will be appropriate to use WHtR rather than WHpR to assess cardiometabolic risk in Turkish adults. Future prospective studies should investigate the best cut-off points for WHtR.
Limitations of the study Associations of anthropometric measurements with diabetes, hypertension, dyslipidaemia and CVD are documented by several studies and the predictive ability of different indices varies among populations (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . It is of interest from a public health perspective to identify the best predictor for a specific population, and this goal can only be accomplished by long-term prospective studies. A major limitation of the present study is its cross-sectional design. Another limitation is that a non-representative sample of the Turkish population was evaluated and this could introduce a selection bias. Compared with persons sampled in the Turkish Ministry of Interior Affairs, Office of Population and Citizenship 2003 household survey (58) , we sampled approximately 20 % fewer subjects in the age group of 20-29 years and 10 % more subjects in the age groups of both 40-49 and 50-59 years. The health-care system in Turkey is not free. As laboratory tests, a thorough physical examination and post-study dietary and medical advice were offered free to participants, subjects with the studied conditions could have self-selected themselves to participate. These limitations should be considered when generalizing our results to the wider Turkish population. On the other hand, a representative study (59) (60) . Four per cent of our sample was on glucose-lowering medications. Some subjects may have been on PPAR-g agonists, a new class of antidiabetics which may alter body fat distribution. However we suspect that the number of such subjects is small, because PPAR-g agonists are expensive and were introduced on the Turkish market only one year before our study.
In conclusion, we found that WHtR was the best anthropometric index for predicting most cardiometabolic risk factors. BMI and WC ranked second for their predictive capability of cardiometabolic risk, followed by WHpR. HC was the worst predictor. All anthropometric measures of obesity were significantly associated with cardiovascular and metabolic risk factors.
